Background
==========

Tobacco use is a significant public health concern worldwide and one of the major causes of death and disability in both developed and developing countries. Based on World Health Organization (WHO) statistics, each year about 4 million deaths are attributable to tobacco use, and approximately 70% of those deaths occur in developing countries. The number of tobacco-related deaths is expected to rise to 8.4 million by 2020 \[[@B1]\]. China leads the world both in consumption of tobacco and in smoking-related deaths. Large-scale epidemiological studies have shown that smoking was responsible for approximately 1 million deaths per year in China during the 1990\'s \[[@B2],[@B3]\]. The number is projected to reach 2 million per year by 2025 and increase to about 3 million by 2050. Thus, a total of 100 million Chinese will die from the effects of smoking or have smoking-related deaths in the next 50 years if the current smoking rate continues \[[@B4]\].

China is largely a country of rural agriculture. Not surprisingly, the rural public -- mostly farmers -- account for more than three quarters of the total population. In fact, a significant number of smokers in China live in rural areas. Although smoking prevalence in urban populations is well documented, there is little information on smoking patterns among the rural public, and similarly, less is known about demographic characteristics of rural smokers in China. From both public health and tobacco control perspectives, it is vitally important to gather prevalence data of smoking in the rural population to help develop tobacco control policies and intervention and prevention strategies targeting this large population. To this end, using a cross-sectional design, the primary purpose of this study was to examine smoking patterns in male Chinese rural residents living in four geographic regions across China. A second purpose of the study was to assess sociodemographic correlates of smoking. On the basis of existing tobacco use literature in China \[5.6\], it was hypothesized that (a) there would be high smoking prevalence in the rural Chinese population, and (b) geographic regions and other salient sociodemographic characteristics, such as age, education, ethnicity, marital status, and income would be associated with smoking behavior.

Methods
=======

The study\'s geographic area
----------------------------

The study\'s geographic area covered four regions in China: Southwest (Guiyang region), southeast (Subei region), northwest (Jinnan region), and north (Jinbei region). The decision to choose these geographic areas as the study sampling framework was based on the fact that these regions contained a range of low-to-high agriculture industry and population densities, features that allowed us to capture variations in smoking prevalence within and between regions.

Study design and sampling
-------------------------

This is a cross-sectional study, which employed a multi-stage systematic sampling procedure to recruit study participants. In Stage 1, the four geographic regions mentioned previously were selected based on *a priori*decision. In Stage 2, within each geographic region, two counties were randomly selected. From these selections, 20% of rural villages within each county were sampled, and from these, 20% of local communities (the smallest unit in rural living areas) were chosen. In Stage 3, a list of family households was obtained through the local village government and administrative offices. From the households list, 20% of families were randomly selected and subsequently contacted. Residents who were eligible to participate in the study were male who were aged 15 years or older. In the case of two or more persons eligible in a family, the person with the birthday closer to the interview date was chosen.

Procedures
----------

Eligible individuals were interviewed at home by research assistants who were trained medical students from a local medical school. Upon receiving survey instructions explained by the assistants, participants were asked to fill out a survey questionnaire which lasted about 30 minutes. Each participant was given an opportunity to answer or clarify questions regarding survey or survey items and adequate time to complete the survey. Upon completion, participants were given ¥2.00 (equivalent of 25 cents in U.S. dollars) as a token of appreciation for participation. The Ethics Committee of the Zhejiang University School of Medicine approved the study and a written informed consent was obtained from each participant.

Measures
--------

Details of the measures used in this study are briefly described below. These measures have been used extensively in prior research on smoking involving Chinese populations with acceptable psychometric properties \[[@B5]\].

### Smoking status

Participants were asked about their smoking status, including age of initiating smoking, current smoking frequency, average number of uses per day, types of tobacco smoked, and environmental tobacco exposure (ETS) of non-smokers. Smokers were defined as those who reported the use of any tobacco products, including cigarettes, cigars, and traditional Chinese hand-rolled and pipe cigarettes on a daily basic at the time of the study interview. Classification of occasional smokers were not considered in this study due to the difficulty of quantifying them accurately since smoking is almost always considered a daily activity among rural smokers \[5.7\]. The unit used to quantify the number of daily cigarettes, cigars, and hand-rolled cigarettes used is \"cigarettes\". For the sake of consistency in the unit of measurement, we also used \"cigarettes\" to quantify pipe use. In this case, one use of pipe cigarette was quantified as \"one cigarette.\" Passive smokers in this study were defined as those who breathed in smoke exhaled by a smoker for more than 15 minutes per day.

### Demographics

Participants\' demographic information was collected as part of the overall survey. This included participants\' residence, age, ethnicity, level of education, occupation, marital status, and annual personal income.

Data analysis
-------------

Chi-square tests were used to calculate the smoking prevalence for the entire sample. Subsequent logistic regression analyses were carried out to test the hypotheses regarding smoking behaviors and their association with geographic and sociodemographic characteristics of the study participants. For the logistic analysis, the dependent variable was smoking status, operationalized as a binary response variable -- smokers (those who reported daily smoking = 1) and non-smoking (those who reported no smoking = 0). Independent variables in the logistic regression equation were geographic regions, subjects\' age, education, race, marital status, income, and job types. In the analyses, the referent groups for the sociodemographic variables were as follows: Subei for region, \<25 years old for age, elementary or lower for education, never married for marital status, Han for ethnicity, farmer work for occupation, and \<¥1000 (US\$1 = ¥7.6) for income. Odds ratios (OR) were calculated and estimates are presented with 95% confidence intervals (CI). The odds ratios (ORs) are the probability of being a smoker. P values of 0.05 or less (2-tailed) were considered statistically significant. Data were analyzed using Statistical Analysis Software version 6.12 (SAS Institute Inc.). To adjust for clustering of the subjects within regions, weighted analyses are reported.

Results
=======

A total of 5,097 individuals were approached for participating in the study. Of those, 4,598 individuals were reached at the time of the contact and agreed to be interviewed, resulting in a response rate of 86.6% (4598/5097). Of the 4,598 participants, 4,414 individuals provided complete data that were reported in this study. Sociodemographic information of the study sample is presented in Table [1](#T1){ref-type="table"}. The mean age for the study participants was 38.72 years (SD = 12.31). A vast majority of the participants were Han Chinese (97.9%), married (89.9%), had an education level that was lower than high school (85.2%), and an annual average personal income of ¥2,000 (US\$1 = ¥7.6) or less (63.3%). Forty-two percent of the study participants reported having farm jobs. The demographic characteristics of the sample were similar to those of reported in the national population survey of Chinese male rural population \[[@B8]\].

###### 

Sociodemographic characteristics of the study sample (N = 4,414)

  Variable                                 N                             \% of total                    Smokers (n, %)
  ---------------------------------------- ----------------------------- ------------------------------ ----------------
  Geographic region                                                                                     
   Subei                                   958                           21.7                           584 (61.0)
   Jinnan                                  1375                          31.2                           915 (66.6)
   Jinbei                                  1259                          18.6                           850 (67.5)
   Guiyang                                 822                           28.5                           601 (73.1)
                                                                         *χ*^2^: 29.85, df=2, P\<.001   
  Age (years)                                                                                           
   \< 25                                   759                           17.2                           459 (60.5)
   25 -- 34                                981                           22.2                           675 (68.8)
   35 -- 44                                1444                          32.7                           936(64.8)
   45 -                                    1230                          27.8                           880(71.5)
                                                                         *χ*^2^: 30.53 df=3, P\<0.01    
  Education                                                                                             
   Elementary school                       1864                          42.2                           1273 (68.3)
   Middle school                           1900                          43.0                           1281 (67.4)
   High school                             516                           11.7                           333 (64.5)
   College or higher                       134                           3.0                            63 (47.0)
                                                                         *χ*^2^: 27.06, df=3, P\<0.01   
  Martial status                                                                                        
   Never married                           358                           8.1                            165 (46.1)
   Married                                 3970                          89.9                           2731 (68.8)
   Divorced/widowed                        86                            2.0                            54 (62.8)
                                                                         *χ*^2^: 77.00, df=2, P\<0.01   
  Ethnicity                                                                                             
   Han                                     4320                          97.9                           2880 (66.8)
   Minority                                94                            2.1                            70 (74.5)
                                           *χ*^2^: 2.53, df=1, P\>0.05                                  
  Occupation                                                                                            
   Farm jobs                               1871                          42.4                           1292 (69.1)
   Floating jobs^\#^                       1533                          34.7                           1016 (66.3)
   Non-farm related jobs                   683                           11.7                           466 (67.4)
   Others (no work capacity)               327                           7.4                            182 (55.7)
                                                                         *χ*^2^: 22.59, df=3, P\<0.01   
  Average annual income per person (¥)\*                                                                
   \< 1000                                 983                           22.3                           608(61.9)
   1000--1999                              1808                          41.0                           1233 (68.2)
   2000--2999                              891                           20.2                           597 (67.0)
   3000--3999                              377                           8.5                            289 (76.6)
   \>= 4000                                355                           8.0                            223 (62.8)
                                                                         *χ*^2^: 31.53, df=5, P\<0.01   

^\#^Jobs that required going from place to place. \* US\$1 = RMB7.6

Smoking behavior
----------------

Of the total 4,414 participants, 1,464 were classified as non-smokers. Of these, 1,252 (85%) were exposed to second hand smoking (i.e. passive smokers). A majority of the passive smokers reported being exposed to smoking in a labor field (46.1%), followed by locations such as home settings (23.7%) or public places (23.7%). Table [2](#T2){ref-type="table"} shows smoking behaviors of 2,950 (66.8%) smokers in the study sample. The mean age of smoking initiation was 21.70 years (SD = 9.44). The average use per day among smokers was 12.70 (SD = 7.99) and a majority of them reported smoking cigarettes (95%). Over 60 percent (n = 1908) of smokers reported daily smoking of more than 10 cigarettes. A majority of them (91%) reported buying cigarettes that were less than ¥10 per pack and the average monthly spending on buying cigarettes was ¥63.18 (SD = 49.94).

###### 

Smoking behaviors among Chinese rural male residents (n = 2950)

                                                                  Total N   Percentage
  --------------------------------------------------------------- --------- ------------
  Number smoked per day (cigarettes)                                        
   \< 10                                                          1042      35.3
   10 -- 19                                                       1022      34.6
   20 or more                                                     886       30.0
  Starting age (years)                                                      
   \< 18                                                          238       8.1
   18 -- 20                                                       1591      53.9
   ≥21                                                            1121      38.0
  Type of tobacco products usually smoked                                   
   Cigarettes                                                     2797      94.8
   Cigar                                                          10        0.3
   Chinese Hand-rolled cigarettes                                 141       4.8
   Chinese Pipes cigarettes                                       2         0.1
  Cigarette price (¥/pack) (n = 2797)                                       
   \< 5                                                           1034      37.0
   5 -- 9                                                         1516      54.2
   10 or more                                                     247       8.8
  Money spent on purchasing cigarettes per month (¥) (n = 2798)             
   \< 50                                                          879       31.4
   50 -- 99                                                       1519      54.3
   100 or more                                                    399       14.3

Sociodemographic correlates of smoking
--------------------------------------

Results from the logistic regression analyses are shown in Table [3](#T3){ref-type="table"}. Results indicated that participants living in the Jinbei were more likely to smoke than those living in Subei (OR = 1.94, 95%CI = 1.54--2.44), followed by the regions of Guiyang and Jinnan. The probabilities of smoking among male smokers aged 25--34 years and 45 and above were much higher than those under 25 years. The probability of smoking was significantly higher among ethnic minorities than Han Chinese (OR = 1.84, 95% CI = 1.29--2.62). Similarly, people who were married or divorced/widowed were 2.43 and 1.63 times, respectively, more likely to smoke than those who were unmarried. Participants with a college degree or higher were less likely to be smokers than those who had lower levels of education (OR = 0.51, 95%CI = 0.37--0.69). Those who were in the \"other\" work category were less likely to be smokers than those who engaged in farm work. Finally, the likelihood of being a smoker was significantly higher for those who reported higher annual personal income than those whose income was less than ¥1,000.

###### 

Logistic regression results of sociodemographic factors associated with smoking (N = 4,414)

  Category                               Odds Ratio   95% C.I
  -------------------------------------- ------------ ------------
  Region                                              
   Subei                                 1.00         \--
   Jinnan                                1.37\*\*     1.12--1.62
   Jinbei                                1.94\*\*     1.54--2.44
   Guiyang                               1.39\*\*     1.13--1.70
  Age (years)                                         
   \< 25                                 1.00         \--
   25--34                                1.29\*       1.08--1.14
   35--44                                1.09         0.92--1.29
   45-                                   1.30\*       1.08--1.58
  Education                                           
   Elementary school                     1.00         \--
   Middle school                         0.94         0.83--1.07
   High school                           0.85         0.70--1.03
   College or higher                     0.51\*\*     0.37--0.69
  Martial status                                      
   Never been married                    1.00         \--
   Married                               2.43\*\*     1.99--2.98
   Divorced/widowed                      1.63\*\*     1.11--2.38
  Race                                                
   Han                                   1.00         \--
   Minority                              1.84\*\*     1.29--2.62
  Occupation                                          
   Farmers                               1.00         \--
   Floating jobs^\#^                     0.90         0.79--1.03
   Non-farm related jobs                 0.97         0.82--1.14
   Others (no work capacity)             0.71\*       0.57--0.89
  Average annual income per person (¥)                
   \< 1000                               1.00         \--
   1000--1999                            1.33\*\*     1.14--1.54
   2000--2999                            1.44\*\*     1.21--1.72
   3000--3999                            2.07\*\*     1.63--2.63
   \>= 4000                              1.66\*\*     1.23--2.08

^\#^Jobs that required going from place to place.

\*P \< .05

\*\*P \< .001

Discussion
==========

In a sample of a Chinese rural male population, this study examined smoking prevalence and sociodemographic factors associated with smoking behavior. The prevalence of smoking is higher in this sample (66.8%) compared to that of urban residents (56.5%) but similar in smoking consumption (13.12, SD = 6.82) \[[@B9]\]. Also, a slightly higher proportion of rural population (91.9%) reportedly starting smoking at the age of 18 or older compared to the urban residents of the same age population (90.3%) \[[@B9]\]. Overall, the finding generally reflects higher prevalence of smoking in rural communities compared to urban communities in China \[[@B10],[@B11]\]. While the underlying mechanism(s) for the rate discrepancies between rural and urban smokers remains to be investigated, some have indicated cultural and social dimensions of lifestyle that may account for the rural-urban differences \[[@B5]\].

Smoking behavior was found to be associated with a number of sociodemographic characteristics in this study. First, there was a significant variation across the four study geographic regions, a finding that is consistent with those reported with urban populations \[[@B9]\]. The finding may reflect the fact that there are significant regional differences in lifestyle and cultural standards across mainland China \[[@B5]\]. For example, the finding that residents living in the Subei region were less likely to smoke than those living in other geographic regions may be due to the fact that the Subei region is the most developed geographic area of all four regions. Therefore, it is conceivable that people\'s lifestyle and beliefs may be influenced by the social and economic developments in the area. Thus, being residents living in socially and economically well-developed areas or regions may provide them with an environment in which a healthier lifestyle is promoted. It is interesting to note the higher probability of smoking (OR = 1.84, 95%CI = 1.29--2.62) and smoking consumption (mean = 18.00, SD = 7.48 for the minority, mean = 12.52, SD = 8.08 for Han Chinese, respectively) among minority Chinese compared to the Han Chinese. A complementary analysis indicated that most minority Chinese male rural residents in the study were living in Guiyang, a remote and underdeveloped region in China.

Consistent with prior research \[[@B6],[@B10],[@B11]\], age was another demographic factor that was related to smoking, with the oldest age category (i.e., 45 years or older) being more likely to engage in smoking. Also consistent with the literature \[[@B9],[@B10]\] is the finding that married or divorced/widowed men were more likely to smoke than unmarried persons, a finding that is in contrast to those that reported no difference by marital status \[[@B11],[@B12]\]. Similarly, participants with a college degree or higher were less likely to smoke compared to those who had lower levels of education. While a majority of participants in the study reported engaging in farm work (42.4%), this is also the subgroup of individuals who were most likely to smoke when compared to those who reported engaging in unclassified work (i.e., \"other\"). Finally, participants with higher annual income were more likely to smoke than those with lower income. There is a general trend showing that smoking consumption increased with the increase of annual average income, a finding which is in contrast to some studies that found no difference among different income status groups \[[@B11],[@B13]\]. However, it appears that a majority of smokers in this study (91.2%) purchased packages of cigarettes that were under ¥10 (US\$1.3); the proportion who purchased cigarettes packs of under ¥10 was lower in urban smokers (52.5%) \[[@B9]\]. The average monthly cigarette related expenditure was ¥62.1 (US\$8.2). Current estimates in China indicate a monthly farmer family income of ¥788.8 (US\$103.7) in 2003 \[[@B14]\], reflecting that about 7.9% of family income was spent per person on cigarette smoking among tobacco users.

There are at least two notable limitations associated with the current study. First, the cross-sectional study design precludes any causal inference to be drawn from these findings. Currently, there are no longitudinal studies conducted in China to track smoking prevalence over time. Future research is needed to collect both cross-sectional and longitudinal smoking surveillance data in both rural and urban communities. In addition, community-health promotion and policy-level data is needed to allow better understanding of how smoking is related to or influenced by community-level health regulations or anti-smoking campaigns. Second, only male individuals were observed in this study, which may limit its generalizability to the overall rural population. However, we purposefully selected the male population because male residents constitute a major smoking population in the rural communities of China.

With these limitations in mind, the current study also has a number of strengths. First of all, this was the first study that focused exclusively on the Chinese farmer population, which makes it unique among all other studies that have been conducted in China to date. In addition, unlike other Chinese studies, this study used the WHO definition of smoking which means that the current results may be compared directly to other smoking prevalence studies, both locally and internationally. Finally, the large sample size, which resulted from the use of four large but distinct geographic regions as a sample framework, is also a strength allowing a broad representation of the sample population of rural China. It should be noted that we used geographic regions rather than provinces as a sampling framework. This maximizes the between-region differences with respect to geographic, cultural, and social-economic characteristics, and therefore allows us to capture a sample that is homogeneous within regions and heterogeneous among regions.

Conclusion
==========

The current study contributes to the extant smoking literature by documenting high prevalence of smoking among male residents living in rural Chinese communities. Findings also indicate important differences in tobacco use among users sampled across four geographic regions, as well as several demographic characteristics that are associated with smoking behaviors. Findings from this study collectively suggest that both government and local health agencies need to consider tobacco control policies and develop intervention and prevention strategies to lower the overall prevalence of the smoking epidemic in rural China.
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